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Abstract 
The DC electrical prospecting apparatus plays an important role in the prevention of water disasters in coal, but most 
of traditional instruments of this kind for mining use 51 series MCU as the core chips, which has the defects such as 
high power consumption, small storage capacity, inconvenient operation and difficult to carry with, all of them 
restrict the applications of the DC electrical prospecting apparatus. This paper starts from the principle of mining DC 
electrical prospecting instrument, and designs a new type of this kind of device by the modular method, the system 
includes system module, transmitter module, receiver module, storage module, communication module and ect.. .And 
at the same time, it also affords the electrical performance of the system. Finally, by doing the comparison test with 
the traditional instruments, it proves of the advantages of the new electrical instrument, such as high precision, low 
cost, low power consumption, much more storage capacity, convenient communication, friendly interface and so on. 
Keywords: Mining DC electrical prospecting apparatus;Modular design;USB transfer 
Water damage is one of the main factors affecting mine production safety; mine water damage always 
has the characters of sudden and sites uncertainty. With the development of national economy, the 
demand of the coal is growing, due to the limited of coal resources, the exploitation level of mining is 
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extended and depth is increased. So that the geological conditions will be more complicated, the water 
inrush intensity and frequency also increase; the extent of the water damage threat is more serious. In 
order to ensure the coal mining normally, we should prospect the hydro-geological conditions before the 
exploitation, and investigate the wall rock water capacity situation of the coal roof and floor, the 
distribution of faults and fractures, the situation of water ponding in the goaf, and the problem of 
water-conducting capacity of major faults, all these issues are of great significance [1-3].In the process of 
solving the problems of coal mine water hazards, the DC electrical prospecting apparatus plays an 
essential role, it has broad application prospects for the water controlling work in coal mine [4]. 
However, currently the coal mine DC electrical prospecting apparatus is relatively backward in China: 
low accuracy, bulky, and inconvenience to carry, more power needed, small data storage capacity, 
inconvenience to exported data, backward internal hardware circuit technology, limited functions of CPU. 
Therefore, to make accurately measure and supply with the measure accuracy degree, it needs inject new 
technologies and concepts into the research of DC electrical prospecting apparatus of the mine. In this 
paper, it makes use of the latest electronic technology from now on, which greatly improved the 
instrument's anti-interference ability and accuracy. 
1. Principle diagram of the system 
The design of this instrument is in accordance with the requirements of intrinsically safe type electrical 
apparatus; the system principle diagram is shown in Fig.1. 
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Fig.1  The principle diagram of coal mine DC electrical prospecting apparatus 
The battery group is composed of 12 single cells of Ni-MH (1.2V, 9Ah) in series. The intrinsically safe 
parameters of power circuit are shown in Table 1.The electrical gap between the power supply, which one  
Table.1.The intrinsically safe parameters of power supply 
Name Emission Vmax Emission Imax Working I 
VAǃVB Emission  100V 70mA 50 mA 
+5V Power +5VDC±5% 800mA 600 mA 
5VA Power +5VDC±5% 350mA 100 mA 
5V-A Power +5VDC±5% 350mA 50 mA 
-5V-A Power  -5VDC±5% 350mA 50 mA 
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is intrinsically safe type circuit board, and the bare wire is not less than 1.5mm, the spacing of the power 
circuit board through potting compounds and creep age distance under the coating are not less than 
0.5mm. Power supply board and batteries pouring are made as a whole by use of vulcanized silicone 
rubber. 
The 5V DC power supply generates and sends out 100V by the isolation of high-voltage step-up circuit, 
and supplies the power by the A,B electrode into the surrounding rock underground mine tunnel to 
establish the whole space labor field stability, while the 32-bit STM32 processor collects the supply 
current˗The voltage signal induced by artificial electric field enters into the receiving circuit by M, N 
electrode, and goes to the micro-controller through the SPI serial interface, then calculates the apparent 
resistivity rate with the values of received voltage, supply current and the measured parameters. If the test 
results are reasonable, we store the relevant parameters, voltage, and current and apparent resistivity rate 
into SD card. The displayer showed the operation menu, parameters, and measurements and so on. The 
data in the SD card are sent to the PC by USB bus, and then the PC plots the chart according to the 
measurement results. 
2. System design 
This system is designed with modularize method, it included system module, transmitter module, 
control module, receiver module, communication module, display module, keyboard input module and 
etc [5]. 
2.1.System module 
System module is the smallest part in the system for controlling. In this paper, it chooses the 
STM32F103VE as the core chip. The chip is a 32-bit ARM processor which is employed based on the 
ARM Cortex-M3 core and using the ARM v7-M architecture. It is the Harvard architecture three-level 
pipeline with highly effective, and providing with 1.25DMIPS/MHz performance, having 32-bit 
multiplication and hardware division single-cycle. The working frequency is up to 72MHz, and it 
executes the code much faster and consumes power lower [6]. System module includes three parts, the 
configuration of the system clock, the nested vector interrupt and the timer initialization of the system. 
System clock is the basis for the system normal operation. The configuration of nested vectored interrupt 
is used for the coordination between the internal and external interrupt priority. System timer initialization 
determines the current signal acquisition frequency. 
2.2 Memory module 
The memory module of this system mainly contains 512KB capacity embedded flash, 48KB capacity 
embedded SRAM and 1G capacity SD outside device of STM32F103VE.Flash is applied to store the 
programs and data, SRAM is used for reading and writing at the speed of CPU(without waiting state).SD 
card is for storing measurement data. Flash and SRAM data are not visible for the user and as it is system 
data, while the data stored in SD card is needed by the user to operate. In order to make the data stored on 
the SD card can be visited normally by Windows system after connected with PC, the design of SD card 
must meet the operation specifications that is Windows designed for the SD card file system, so it must 
transfer the file system. For the data stored in the instrument are not huge, so it selects the FAT16 file 
system for explanation. It chooses SPI communications protocol mode for SD card driver, 
STM32F103VE controller reads and writes SD card according with FAT16 format by SPI bus. 
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2.3. Communication module 
To facilitate operation of user and improve the communication speed, this system communicates with 
PC by USB bus for the data. The hardware adopts USB communication mode and USBLC6-2[7] 
interfaces which are Built-in STM32F103VE.The drive is programed with a combination of bulk transfer 
mode of STM32F10xxx USB developer tools package firmware library. The bulk transfer mode follows 
the mass storage class specifications of USB2.0 and USB. The operation instruction: users should connect 
the device with the PC by USB cable after running this function, then the PC will detect a new removable 
disk which has the same operation ways with other mobile devices to read, writ and format. 
2.4 Emission module 
There are three kinds of emission module, three-pole sounding emission, symmetrical four-pole 
sounding emission and three-pole advanced sounding emission.The emission mainly includes the port 
setting, voltage isolated boost control, anti-frequency interference emission output which is positive and 
negative square wave, hardware reset, over-current protection. Emission module port is set as GPIOB; the 
DCDC change of the voltage isolated boost control is achieved by setting a GPIOB IO port which is 
connected with voltage isolated boost. If you set it to high, high voltage will open, set to low, high 
voltage will be turn off; over-current protection is divided into low-voltage current protection and 
high-voltage protection, that is, when the current that the transmitter output reaches to a high/low 
operating current that the corresponding over-current protection, it will shutdown the emission output port, 
when you will measure the next time, you must reset the hardware manually. 
Underground mine, there is too much consumption of power and the interference of 50Hz is very big, 
so the system also uses the input channels as the reference channel. To do the "empty" sample in the 
condition of without generating square-wave voltage, the results that we require are frequency 
interference and its harmonic component; Then to transmit the high-voltage signal to "real" samples and 
subtract the "real" sampling data with "empty" sampling data correspondingly, the result is useful for 
inductive voltage signal. To ensure the "empty" sampling and "real" sampling frequency interference to 
get the same initial phase, "empty" sample and "real" sample must be continuous, specifically, the cycle 
of the positive and negative square wave with the frequency have integer times relationship; the period of 
"empty" sampling is the same with "real" sampling, and the sampling time number are also the same; the 
data of them are subtracted correspondingly and added time after time. Therefore, this system outputs the 
plus and minus square wave whose frequency is 1000Hz and the duty cycle is 50%.The software is 
achieved with TIM2,it is said that you writes 36M to the TIM2CLK as the frequency, sets the prescaler to 
2,and ensure it works in comparing trigger output mode, so the clock counter of TIM2 is 12M,when you 
write 6000 into TIM2_CCR1 register,TIM2_CH1 will produced an plus or minus square wave whose 
frequency is 1000Hz and the duty cycle is 50%. 
To ease of construction and save labor, the three-pole emission also implements intelligent switching 
with the electrodes A1, A2 and A3 in the measurement. 
2.5 Receiving module 
Receiving` module mainly detect the voltage measurement and power supply current measurement. 
The process of the induced voltage measurement includes signal amplification, filtering, opto-isolation, 
collection, transmission, processing and storage. The system uses the precision instrumentation amplifier 
with digitally programmable gain as a preamplifier; and uses the low-pass sampling filter as a filter to 
improve the anti-jamming capability of this equipment, it is added the opto isolation circuit at ahead of 
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the ADC in this system; and uses a 24-bit serial ADC which utilizes Ȉ-ǻ converter technology as signal 
sampling. Firstly, ADC will gather data previously, then set the programmable gain (21~28) and the 
preamplifier gain(21~23) of ADC automatically according to the captured data. The data that ADC 
collected are sent to the STM32 microcontroller by the SPI bus. In order to protect from frequency 
interference, subtract correspondingly between the positive and negative half-cycle sampling value; 
finally, calculate the average during this sampling period, then we gain the measured voltage of this 
power supply cycle, and add according to the setting measured cycle, then we get the sample average 
about every cycle in the end. The average is the induced voltage which is measured this time, It acquires 
the supply current measurements by used of the TIM2 input capture function; set the TIM2 in the PWM 
input mode, and also set TIM2CLK and the prescaler, it will reach a minimum measurement frequency of 
10Hz,enable the function of TIM2_CC interrupt request, calculate the current frequency in TIM2_IRQ 
program, then converter to current according to the corresponding coefficient. Comply with 
corresponding measurement method to calculate their apparent resistive rate with measured induced 
voltage, supply current and parameters of measurement setting, if the apparent resistive rate consistent 
with measuring results, we will store the values that the measured induced voltage, supply current, 
apparent resistivity and related parameters into the SD card with FAT16 format, or re-measurement. 
3. Electrical performance of the system 
Emission electrical performance of this system: the maximum emission voltage100V; maximum 
emission current70mA;emission current repeat measurement error1%.The receiving electrical 
properties of the system: voltage measurement accuracy error5%;the receiving voltage resolution is 
10ȝV;input impedance  20Mȍ;50 Hz frequency suppression better than 60dB. 
3.1 The repeat measurement error of emission current  
Repeat measurement method of emission current is to simulate the work which is to connect the 
emission point A and B of the system with 5W 1.4K Ohm resistor to record system current measurement 
value, and calculating the repeat measurement error of emission current according to the equation (1), 
then we see that the repeat measurement error of emission current1%. 
In the equation, Ii is the measurement current value of electrical prospecting apparatus; n is the number 
of measurement times. 
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3.2. Voltage measurement accuracy test 
The method of voltage measurement accuracy test is to input 50mV DC signal into the 
receiving terminal of this system, M and N, with a DC signal source ,electrical prospecting apparatus 
is in the state of test, do the test n times, n=20; calculating according to equation (2),that voltage 
measurement accuracy errorİ5%. 
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Where: Vi is the sum of measurement value for n times; n is the number of measurement times; V is 
the value of DC voltage source output. 
3.3 Receiving voltage resolution test 
The resolution test method of receiving voltage is to input 100ȝV DC signal into the receiving of the 
system terminal, M and N, with a DC signal source, set the system in test mode, record the measurements 
value V100, increase the voltage that the signal source output to 110ȝV, measure again, record the 
measurements value V110; 14ȝVV110- V1005ȝV, that the receiving voltage resolution is 10ȝV. 
4 Comparison test 
The advanced detection tests of the 3 coal mine laneways of Mahuangliang of Yulin city. The spacing 
value of measuring current electrode A1, A2, A3 is 4m, the distance is about 11m from A1 to the head, 
and receiving electrode spacing is 4m. Figure 2 is the results chart of advanced detection, the chart shows 
that there is an abnormal low resistance about the resistive rate in front of the head of excavating in the 
range from 45m to 50m which is a detecting section, being possible for water-rich. According to the 
analysis which we have revealed of geology and lithology change around the mine roadway, may be, it is 
caused by gob water, water-rich is relatively strong. The abnormal low resistance measurement of 
apparent shows resistive rate consistent with the traditional DC electrical prospecting apparatus. 
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Fig.2 The results chart 
5 Conclusions 
This paper begins with the principle of DC electrical prospecting apparatus, and it makes use of 
modular method to design the new instrument which is a DC electrical prospecting apparatus used in the 
mine. It uses the STM32F103 RAM 32-bit processors as the master chip of the system, and this chip is 
high-performance, low power, low cost and strong anti-interference, it reduces the power consumption of 
the processing circuit, enhances the ability of this system on the control and calculation; receiving module 
is designed with high-resolution 24-bit ADC devices which are based on Ȉ-ǻ technology, it improved the 
AD conversion accuracy and speed significantly; uses small-signal detection circuit with high 
cost-effective and high-precision to improve the accuracy of the instrument; to make the instrument 
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interface more user-friendly and the machine easier to operate, it combines 640 × 480 true color LCD 
screen with the corresponding software. The comparison tests in the field shows that the new design of 
mine direct current electrical prospecting apparatus is much better than the traditional one on the aspects 
of measuring accuracy, storage capacity, easy operation performance and power consumption. 
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